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& Lawrence (KL) index and for joint space width (JSW) measurement. The
medial tibial and femoral cartilages were automatically segmented using a
voxel-classiﬁcation computer algorithm. The CA was computed as the area
of the region where the tibial and femoral cartilage surfaces were less than
1 mm apart using a Euclidean distance transform. The surface area of the
entire medial tibial plateau (SA) was also computed.
The ability of the CA to distinguish healthy (KL = 0) and ROA (KL > 0)
subjects was quantiﬁed by the p-value from a t-test. The diagnostic ability
of the CA was computed as the area under the ROC curve (AUC) with the
statistical signiﬁcance estimated using DeLong’s test. The ability of the CA
to predict the cartilage loss was tested by splitting the healthy to moderate
ROA subjects (includes KL 0, KL 1 and KL 2) into progressors and nonpro-
gressors based on median value of Tibio-Femoral cartilage volume loss.
Linear correlation coeﬃcient (CC) was used for calculating correlation be-
tween yearly change in CA with yearly change in JSW and cartilage volume.
Results: The mean SA was 1202 mm2 for the healthy subjects (KL = 0),
whereas the mean CA was 411 mm2 as seen in ﬁgure 1 together with
the other levels of KL. The SA decreased with OA progression in KL score.
Contrarily, the CA increased with onset of OA (KL = 1) but then decreased
at later stages. The p-value for separating KL = 0 and KL = 1 was 0.0005 and
the AUC value 0.64 (p < 0.05) for the CA. In addition, the CA also showed
some ability to predict longitudinal cartilage loss with p-value 0.004. The
CC for yearly changes in CA and JSW was 0.20 (p < 0.001) and for CA and
cartilage volume was 0.41 (p < 0.0001).
Figure 1. Cross-sectional relationships between degree of ROA and the tibial cartilage
surface area (left) and tibio-femoral cartilage-cartilage contact area (right). Statistically
signiﬁcant differences are shown as ** for p < 0.01 and *** for p < 0.001.
Conclusions: The meniscus plays a vital role in the healthy subjects by
stabilizing and distributing the load in the joint. This is consistent with the
observed differences between cross-sectional levels of tibial surface area
and cartilage-cartilage contact area. The contact area increased and the
surface area remained stable during onset of early ROA (KL 0 to KL 1). This
increase in contact area may be explained by meniscal subluxation during
early stages of OA. The decreases in both surface and contact areas at later
stages of OA (KL 3 and 4) are consistent with an overall cartilage loss.
Therefore, meniscal subluxation and degeneration in general may be key
processes in the onset of osteoarthritis.
The ability of baseline contact area to predict longitudinal cartilage loss
showed that during earlier stages of OA, a higher contact area may actually
increase the risk of cartilage loss. The change in contact area correlated
signiﬁcantly to the changes in JSW and cartilage volume; this supports
that the contact area may also be a crucial factor in joint integrity. Finally,
medial tibio-femoral contact area may be an interesting image based
marker for investigating early ROA and for predicting cartilage loss.
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CHANGES IN INTERMUSCULAR FAT AND MUSCLE VOLUME IN THE THIGHS
OF WOMEN IN THE INCIDENT AND PROGRESSION COHORTS OF THE OAI
K.A. Beattie, N.J. MacIntyre, E. Quan, J.D. Adachi, M.R. Maly
McMaster Univ., Hamilton, ON, Canada
Purpose: Muscle weakness and obesity play an important role in knee
OA. Quadriceps weakness is implicated with disease onset and progression.
High body mass and fat accumulation are associated with disease severity.
However, few studies have documented changes in muscle and fat tissue
that are associated with OA onset or progression. The purpose of this study
was to examine 2-year changes in muscle volume (M), subcutaneous fat
volume (SCF) and intermuscular fat volume (IMF) in the thighs of women
at risk for knee OA and with established knee OA, from the OAI study.
Methods: The OAI database was searched for women >50 years of age
who had never undergone knee surgery. Eligible women in the incident
cohort had no symptoms (WOMAC). Eligible women in the progression
cohort had radiographic OA and symptoms (WOMAC). Baseline and 2-year
follow-up scans of right thighs were retrieved from the OAI Co-ordinating
Centre. Each scan consisted of 15 consecutive T1-weighted axial magnetic
resonance images of the mid-thigh. For each image slice, M, SCF and IMF
were segmented using sliceOmatic 4.3 (TomoVision, Quebec, Canada) which
partitions images into regions based on boundaries created by a watershed
algorithm. SCF was considered fat adjacent to the skin and external to the
deep fascia around the muscles. IMF was considered all non-muscle tissue
within the fascial layer. The morphological segmentation of the ﬁrst slice
was propagated to the next 14 slices. Baseline and follow-up scans were
analyzed in pairs by one reader blinded to OA status and time point.
Results: Of all eligible women, 36 from the incident cohort (mean age
(SD): 62.3 (7.6) yrs, mean BMI: 26.6 (4.2) kg/m2) and 37 from the pro-
gression cohort (mean age (SD): 62.8 (8.4) yrs, mean BMI: 28.7 (5.5)
kg/m2) were randomly selected. Age and BMI were not different between
groups (p>0.05) at baseline. Changes in M, SCF and IMF over 2 years were
compared for each group using Wilcoxon-signed rank tests. In the incident
cohort, M decreased over the 2-years (p=0.006), and there were no changes
in SCF (p = 0.80) or IMF (p = 0.15). In the progression cohort, no change
in M was observed (p=0.635), and SCF and IMF increased (p=0.030 and
p=0.018, respectively). No change in BMI occurred over 2-years for either
group (p=0.489 incident, p=0.202 progression).
Conclusions: Longitudinal tissue changes over 2 years differed in the
incident cohort versus the progression cohort, suggesting that the role of
muscle and fat may be distinct in these two groups. Loss of thigh muscle
volume occurred in women with risk factors for knee OA, whereas fat
volume increased in those with established symptomatic and radiographic
knee OA. Since BMI did not increase over 2 years, the observed increase in
fat volume does not appear to result from an increase in body weight. Our
method did not separate muscle groups nor was intramuscular fat within
the muscle compartment segmented separately. Future work could address
these limitations and investigate the clinical signiﬁcance of tissue changes
including their relationship with pain, strength and physical function.
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Purpose: The aim of the present study was to investigate the transport of
Gd-DTPA2- in femoral knee cartilage in vivo.
Methods: Ninteen healthy (symptomless) volunteers were imaged using
a single-slice inversion recovery spin echo sequence was used both pre-
contrast and post-contrast (TR=2000 ms, TE = 15 ms, TI = 100, 200, 400,
800 and 1600 ms, ETL = 7, matrix = 256×256, FOV = 12×12 cm, in-plane
resolution 0.47 mm, slice thickness = 5 mm). Two sagittal slices were lo-
calized to cover the central part of the medial and lateral femoral condyle.
The central parts of the medial and lateral femoral weight-bearing cartilage
covered by the posterior horn of the meniscus were segmented manually
for T1 analysis (Figure 1). Consecutive pixel layers were segmented, the
Figure 1
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deepest and the most superﬁcial pixel layers were selected as the deep
and superﬁcial regions of interest, respectively, and all the pixel layers
in-between those were combined into the middle region of interest. To
avoid partial volume artefact, only pixels completely inside the cartilage
were included. Triple dose (0.3 mM/kg of Gd-DTPA2-, Magnevist, Bayer
Healthcare Pharmaceuticals, Germany) the measurements repeated four
times (1-4 h) after an intravenous injection.
Estimated gadolinium concentration for all regions of interest was calcu-
lated using the following formula:
[Gd] = (1/T1Gd – 1/T1pre)/r1,
where T1Gd is the T1 value at a certain time point after contrast agent
injection, T1pre is the T1 value before Gd-DTPA2- injection, and r1 is the
relaxivity of Gd-DTPA2-, for which the value 4.1 s-1 mM-1 measured in
human plasma at 37°C temperature was used.
Results: The cartilage thickness ranged from 1 to 5 pixels meaning that the
thickness of the middle region varied between 0 and 3 pixel layers.
Pre-contrast, a depth-wise variation of T1 was observed with 50% higher
values in the superﬁcial region compared to the deep region.
The Gd-DTPA2- concentration seemed to remain static between two and
three hours in the superﬁcial region, but was still increasing in the middle
and deep regions. Between three and four hours, the concentration started
to decrease in the superﬁcial region, but still kept increasing in the deep
region (Figure 2)
Figure 2
Conclusions: This study clearly demonstrates depth-wise variation in
gadolinium concentration at different time points.
The continuous increase in gadolinium concentration up to four hour in
the deep region and static state of gadolinium concentration between 2
to 3h followed by decreasing between 3 to 4 h in the superﬁcial region
could indicate that most of the contrast comes from the synovial side,
whereas the uptake from the bone or subchondral side is negligible. Based
on the current results, the ideal time point to observe cartilage seems to
be two hours after contrast agent injection, as previously reported, because
the bulk change in gadolinium concentration is quite small between two
to three hours. However, the ongoing increasing of gadolinium concen-
tration in the deep layer could lead to an overestimation of GAG content
in the deep cartilage in vivo. Furthermore, the depth-wise variation of
pre-contrast T1 values suggests that the analysis of bulk cartilage region
of interest may not be the optimal way of estimating the GAG content,
and that the post-contrast T1 doesn’t provide all needed information for
cartilage evaluation.
The present results recommend a depth-wise analysis in clinical dGEMRIC
studies, including a deep and superﬁcial region of interest to provide
additional information about the status of the cartilage.
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RELIABILITY OF BONE DENSITY MEASUREMENT IN OSTEOARTHRITIS
USING DIGITAL RADIOGRAPHIC PROCEDURES
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Purpose: Dual energy X-ray Absorptiometry (DXA) is the method of choice
for quantifying bone density (BD). In clinical practice however, BD is com-
monly subjectively assessed on standard radiographs for the evaluation of
(longitudinal) bone changes in osteoarthritis (OA). The transition from con-
ventional radiography to digital radiography needs re-evaluation whether
BD can be quantiﬁed on radiographs. The objective of this study was to
evaluate whether in digital radiographs BD (hydroxylapatite in g/cm2) can
be related to grey value by use of an aluminum step wedge (20 steps from
2 to 40 mm) as a reference for BD (in mm aluminum equivalent=mmAl),
independent of radiographic settings.
Methods: A bone density standard (BDS) was created consisting of pre-
deﬁned amounts of hydroxylapatite (eight cups ranging from 0 to 5.75
g/cm2). BD of the eight hydroxylapatite cups was ﬁrst measured by use of
DXA (Hologic Discovery). Subsequently, digital radiographs of the BDS were
acquired (Philips Digital Diagnost), with different settings. Peak voltage
(kVp), milliampere seconds (mAs), tube added ﬁltering, and BDS position in
the radiographic ﬁeld were varied. Also the default clinical post-processing
module, which is introduced with the development of digital radiography,
was compared with post-processing switched off. In all cases a human
(cadaver) knee joint was added to simulate clinical conditions, and an
aluminum step wedge was added as a potential reference. Custom made
software was used to express the grey values in the BDS in mmAl by
comparing them to the grey values measured in the step wedge. The grey
values in the step wedge were represented by a linear, or a third order
polynomial function. Linearity of the relation between actual BD (g/cm2)
and BD in mmAl in the BDS was evaluated.
Results: The relation between actual BD and DXA values of the BDS was
strongly linear: R2=0.99. With a linear representation of the step wedge, the
relation between actual BD and BD in mmAl was rather low under regular
clinical settings: R2=0.82. Speciﬁcally switching off the post-processing
module, improved the linear relation to R2=0.93. Variation in the other
radiographic settings (kVp, mAs, ﬁlter, and position) moderately inﬂuenced
the linearity: R2=0.72-0.88. When a third order polynomial representation
of the step wedge was used, the relation for regular clinical settings
improved to R2=0.96. In this case switching off the post-processing module
only slightly improved the relation between actual BD and mmAl to
R2=0.98.
Conclusion: Bone density evaluation on digital radiographs is signiﬁcantly
hampered by the default clinical post-processing module on digital x-ray
systems. Also variations in x-ray setting are of inﬂuence. However, by use
of an aluminum reference wedge and by using a non-linear ﬁt, BD in the
range of interest of subchondral bone changes, can be expressed in mmAl
rather precisely.
Sponsor: Dutch Arthritis Association (CHECK).
Diclosure Statement: No conﬂict of interest.
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cooperation, and Paco Welsing for statistical support.
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PHOTOGRAPHIC SCORING IS INSENSITIVE FOR MONITORING PROGRESS
OF HAND OSTEOARTHRITIS, BUT SIDE BY SIDE COMPARISON OF
PHOTOGRAPHS DETECTS PROGRESS AT 5 YEAR INTERVALS IN THE
ELDERLY. THE AGES-REYKJAVIK STUDY
H. Jonsson1 , G.P. Helgadottir2, J.E. Sverrisdottir3, G. Eiriksdottir3,
L. Launer4, T. Harris4, V. Gudnason3,2
1Landspitalinn, Univ. of Iceland, Reykjavik, Iceland; 2Univ. of Iceland,
Reykjavik, Iceland; 3Icelandic Heart Association, Kopavogur, Iceland; 4Natl.
Inst. on Aging, Bethesda, MD
Purpose: In previous studies we have developed a scoring system for
diagnosing and estimating the severity of hand osteoarthritis (HOA) in the
elderly. In this study we compared HOA scores of photographs taken at
ﬁve-year intervals.
Methods: 143 (80 females, 63 males, age range 71-91, median age at second
photograph 79.5) participants in the Age, Gene/Environment Susceptibility-
Reykjavik Study (AGES-Reykjavik) had new hand photographs taken after
a ﬁve year followup. The photographic procedure was the same as in
previous studies with a Fuji Finepix 6800 zoom camera (2800×2200 pixels)
on a tripod and a dark velvet board with two small central markers. HOA
scoring was twofold, ﬁrst a blind scoring of 0-3 for DIP, PIP and CMC1 joint
groups (1) and secondly a more detailed joint by joint comparison with
both photographs side by side. Progress in the IP and CMC1 joints were
classiﬁed as probable or deﬁnite.
Results: There was no signiﬁcant change in aggregate HOA severity scores
